In this research, we presented an effective clustering method based on ICA for the analysis of huge Raman hyperspectral dental data. The hyperspectral dataset captured by HR800 micro Raman spectrometer at UMKC-CRISP(University of Missouri-Kansas City Center for Research on Interfacial Structure and Properties), has 569 local points. Each point has 1,005 hyperspectal dentin data. We compared the clustering effectiveness and the clustering time for the case of using all dataset directly and the cases of using the scores after PCA and ICA. As the result of experiment, the cases of using the scores after PCA and ICA showed, not only more detailed internal dentin information in the aspect of medical analysis, but also about 7～19 times much shorter processing times for clustering. ICA based approach also presented better performance than that of PCA, in terms of the detailed internal information of dentin and the clustering time. Therefore, we could confirm the effectiveness of ICA for the analysis of Raman hyperspectral dental data.
INTRODUCTION
With the development of dental clinic techniques and devices recently, the prevention of dental disease and its treatment which were difficult years ago, have been easier than before. It has contributed to one important part of human wellbeing. However, we need more academic and practical research and development for better medical service of human being in the future.
According to the statistics, about 70% of all medical illnesses are directly or indirectly caused by human intervention in the dental structures [1] .
The most common infectious disease of childhood is dental caries. About 21% of children 6 to 11 have had dental caries in their permanent teeth in the United States [2] . In Korea, recently about 36% of children 6 to 12 have had caries in their permanent teeth [3] . Approximately 15 million people in the United States have had crown and bridge treatment for missing teeth [4] .
To solve these dental problems, we need to capture higher quality data related with dental disease and to develop more effective analysis methods.
Raman spectrometer is one of important devices to capture hyperspectral dental data and to analyze the symptom of dental disease.
Hyperspectral data means huge captured data across the wide electromagnetic spectrum [5] .
Hyperspectral data could be different from multispectral data which has from tens to hundreds of bands, because hyperspectral data has from hundreds to thousands of bands.
The typical research area of hyperspectal data has been the remote sensing area. This research area has received popular attention after the mid 20 JOURNAL OF KOREA MULTIMEDIA SOCIETY, VOL. 16, NO. 1, JANUARY 2013 of 1980s [5] . As an application example of remote sensing hyperspectral data, we can recognize vegetation, soil, lake area etc by using the spectral profile of AVIRIS (Airborne Visible InfraRed Imaging Spectrometer) hyperspectral data [6] .
Hyperspectral data has n-dimensional spectral data on a point. These data reflects the characteristic of the point in the spectral domain. The spectral profile of the vegetation area is different from those of urban area and mountain area. Namely, the distribution shape of spectral data can inform us the characteristic of the specific area. In the remote sensing area, we could estimate a certain material by using these spectral profiles.
For huge hyperspectral data analysis, we need effective approach not only to reduce the data volume but also to effectively analyze the data.
Principal component analysis (PCA) has been known as one of effective ways to reduce multidimensional data sets to lower dimensions. In the relation to the dataset of dental interface, Wang et.
el. showed that multivariate approach based on PCA presented more effective analysis than univariate analysis [7] .
In the practical dental analysis software tools, such as Hyperview 3.0 in PerkinElemr Inc., Isys 50 in Malvern Instrument and SPF 1.0 in UMKC-CRISP, they partially provide the analysis functions based on PCA, respectively.
In this paper, we found that independent component analysis (ICA) had not applied to the hyprspectral dental data analysis yet. For the first time, we try to apply ICA to effective clustering for Raman hyperspectral data analysis and want to know the effectiveness of ICA in this application.
Compared with PCA, ICA has more flexibility about direction than PCA, because it does not need to keep orthogonality. And it also can decide the basic axis by using not only the 2 nd order statistic but also the higher-order statistic [8] [9] [10] [11] .
On the other hand, ICA has medical application areas such as electroencephalography (EEG), magneto encephalography (MEG), electro cardiograph (ECG) and functional magnetic resonance imaging (fMRI) [12] [13] [14] . However, most of medical object data are the sampled data in time domain rather than the hyperspectral data.
As hyperspectral data analysis is increasing and multivariate approach using PCA and ICA is more effective one, if we confirm the effectiveness of ICA on the hyperspectral dental data in this research, for the first time, we will apply ICA as the function of the dental analysis. We will practically add it as the function of the dental analysis software tool, SPF On the other hand, clustering is one of important steps for medical analysis. It is defined as the process of organizing data into groups whose members are similar in some way. It is a way to find a structure in a collection of unlabeled data, as an unsupervised learning method. In general, the final aim of clustering is related with medical analysis.
So, it decides the corresponding grouping for the set of unlabeled data. The best grouping result will be related to the original clustering purpose.
Therefore, the users should supply their criterion adequate for the specific applications in order to get the good clustering results for their analysis.
PCA Principal component analysis (PCA) is a key
statistical technique for multivariate data analysis.
It is a vector space transform often used to reduce multidimensional data sets to lower dimensions.
PCA is also called discrete Karhunen-Loève Step 1. initial assumption for the principal component, temp t
Step 2. calculate the corresponding score,
Step 3. calculate the normalized score, In this research, we select JADE algorithm because we need to extract a specific number of independent components and to reduce the burden of computation on hyperspectral Raman dental data.
The following is the description of JADE-ICA algorithm [19] . Step 2. form the   order cumulant    of the whitened process:
     X and compute the n most significant eigen pairs
Step 3. jointly diagonalize the n most significant eigen pairs by a unitary matrix  .
Step 4. estimate of the separating matrix,
Step 5. compute the separating source, Finally in probabilistic clustering is based on the completely probabilistic approach.
The most used typical clustering algorithms above mentioned are K-means, fuzzy C-means, hierarchical clustering, and mixture of Gaussians.
In this research, we use fuzzy C-means algorithm, because it has shown effective results for the analysis of dentin on FTIR data of the adhesive/dentin bond [7] .
The following shows fuzzy C-means clustering Step 1. initialize centroid matrix, c with random data from the data set
Step 2. calculate distance, Step 5. 
EXPERIMENT AND DISCUSSION

Experimental environment
To capture hyperspectral data for our experiment, HR800 micro Raman spectrometer of HORIBA JOBIN YVON company shown in Figure   2 , was used at UMKC-CRSIP. The captured hyperspectral dentain data has 569 local observation points. Each local observation point has 1,005 hyperspectal data over a human premolar with disease.
The computing platform is a PC with Win XP, Pentium 4 -2.8GHz, and 1GB RAM. We used MATLAB -v7.2 as the software tool for the implementation of our clustering system.
Clustering results after ICA or PCA
Firstly, we did the experiment of direct clustering using all the raw dataset. Next, we also did it in case of clustering the scores based on the extracted components from the dataset by PCA or ICA. In our experiment, we used NIPALS-PCA and JADE-ICA for the extraction of main components. We also measured the clustering time for the each method for comparison.
The Fig. 3(a) , ( In case of Fig. 3(a) , it is displayed after clustering about one thousand raw dataset into two clusters. The detail information of the dentin area located at left 2/3 region in the Figure is not shown.
However, Fig. 3(b) , (c) show the result of PCA and ICA after clustering into two clusters 5 main components extracted from the raw dataset. They present the dentinal tubules with about 135 degree angle direction. In Fig. 3(c) , the case of ICA shows better detail separation of dentinal tubules than PCA clustering of Fig. 3(b) .
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Clustering for Analysis of Raman Hyperspectral Dental Data In case of Fig. 4 (a) using all dataset, the dentin area is not still properly displayed because the huge raw dataset interact with each other negatively. In Fig. 4(b) , (c) of PCA and ICA, they show better dentinal separation than that of Fig. 4(a) .
In Fig. 5 , the result is almost same trend that of Fig. 4 except the number of clusters. Fig. 5(c) of ICA present more detailed dentinal tubule structure than Fig. 5(b) of PCA.
In Fig. 6 , the clustering results show similar results with Fig. 5 . Through the Fig. 3 to Fig. 6 , we could find more detailed internal characteristic of dentin in case of clustering with ICA or PCA, compared with the case of using all the dataset directly.
It also seems that cases of ICA show better dentinal tubule separation than those of PCA because In Table 4 , it shows total processing time of each method. The method of all data does not need pre-processing time because it does not require the pre-processing step. However, PCA and ICA have preprocessing time before clustering. We first extract 5 main components from all dataset respectively and then apply them to the clustering step. ICA takes more pre-processing time, compared with PCA.
Through Table 1 
CONCLUSION
In this research, we studied on the clustering of hyperspectral Raman dentin data based on PCA and ICA approach for dental data analysis. The practical Raman hyperspectral data was captured by HR800 micro Raman spectrometer at UMKC-CRISP. The experimental hyperspecral data consists of 569 local observation points and each point has 1,005 spectral data.
We firstly clustered all the hyperspectal dataset directly. Next, we extracted the 5 components from the hypersectral dental dataset by PCA or ICA, and then did clustering over the dataset using their scores. We also measured the clustering time of each approach.
Through experiment, the cases of using the scores after the extraction of components by PCA and ICA showed more detailed information on the dentin internal structure than the case of using all the data directly. Furthermore, the cases of using the scores by PCA and ICA saved much clustering time up to 21 fold times, depending on the number of clusters, compared with the case of using all the dataset directly.
In comparison between the PCA and ICA based approaches, the case of ICA showed relatively the detailed information of dentin internal characteristic. It also showed that the case of ICA kept almost similar clustering time, while the case of PCA relatively shows the increase of the clustering time, as the number of cluster increases.
Therefore, for the huge hyperspectal data analysis, ICA based approach will be one of the effective approaches, in addition to PCA based approach. It can not only give more detailed information in terms of medical aspect but also save the much clustering time for the medial data analysis.
